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SPECIFICATION 
1 . Title of the Invention 

METHOD FOR ENHANCING INTERLAYER STRENGTH OF COMPOSITE 
10 MATERIAL 

2 . Scope of Claim for Patent 

A method for enhancing interlayer strength of a 
composite material comprising a step of mixing fiber chips 
15 between layers of a composite material including a 

reinforcing material in a matrix, to enhance the interlayer 
strength . 
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3. Detailed Explanation of the Invention 

20 The present invention relates to a method for 

enhancing interlayer strength of a composite, material 
including a reinforcing material in a matrix. 

• When amatrix is reinforced using continuous fiber in 
the composite material, if a load is applied in the 

25- direction of the fiber, since the fiber bears much of the 
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load, the strength thereof is extremely enhanced. However, 

since the fiber does not bear any strength in a direction 

< 

perpendicular to the direction of the fiber, entire 
strength depends on an adhering strength between the fiber 
and the matrix. The same can be' said also for strength in 
a laminating direction of a laminated material. Fig. 1 is 
a tensile stress and strain line diagram in the fiber 
direction of a unidirectional reinforcing FRP and a 
direction perpendicular to the fiber direction (interlayer 
direction) . In Fig. 1, a reference symbol A represents a 
stress-strain line in the fiber direction, and B represents 
a stress-strain line in the interlayer direction. It is 
found that when a load is applied in the interlayer 
direction, the interlayer strength is small. 

As a method for enhancing, even slightly, a low 
interlayer strength, there are a conventional method in 
which a surface of a reinforcing fiber is smoothened using 
surface treatment agent and adhesive leakage between the 
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reinforcing fiber and resin matrix is enhanced, and a 
conventional method in which interlayer interfaces are 
crimped by preload. 
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The method for enhancing the adhesive leakage of the 
fiber surface by using the surface treatment agent is not a 
special method, and this method is currently employed for 
most of fiber raw materials. However, as compared with a 
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material which is substantially not subjected to. the 
treatment, the enhancement of the interlayer strength is 

very slight. The same can be said also for the crimping : 
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method. 

5 in view of the above circumstances, it is an object of 

( ■ 

the present invention to enhance the interlayer strength of 

■ 

a composite material, i.e., to improve the strength in a 
direction perpendicular to the fiber of a unidirectional 
reinforcing composite material. 

10. Although the fiber direction is sufficiently taken 

into consideration in a conventional filament winding 
method and a laminating method, not so much attention is 
paid to the strength in a direction perpendicular to the 
fiber direction, and fibers remain oriented in one 

15 direction. Since the interfaces having weakest strength 
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are arranged in one direction, if a crack is generated from 
this weakest portion, the crack is propagated along the 
interfaces and , thus , proceeding-preventing resistance of 
the crack is small. For this reason, fiber chips (chipped 

20 strand is short) are scattered on the oriented fibers, 
thereby blocking the proceeding direction of the crack. 

An embodiment of the present invention will be 
explained with reference to the accompanying drawings. 

If sapphire (A1 2 C 3 ) whiskers are used as a reinforcing 

25 material in an Al alloy, or if carbon fiber is coated with 
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SiC and this is left in a matrix and optimal thermal 
treating condition is given , . crystals 2 grow from a fiber 1 
as shown in Fig. 2. If the fiber chips are used for the 
reinforcing fiber, its strength can be enhanced in the 
fiber direction and also in a direction 1 of the growing * 
fiber . 

If glass fiber which is often used as a reinforcing 
material such as an FRP is used, since it is amorphous, the 
above-described crystal growth can not be expected. Thus, 
in order to prevent the proceeding of crack generated 
between the layers of fiber, fiber chips 4 which are 
reinforcing materials are randomly interposed between the 
flat fiber layers of the unidirectional reinforcing fiber 3 
in the filament winding method shown in Fig. 3 and the 
laminating method shown in Fig. 4. With this arrangement, 
the weakest surfaces are not arranged on one straight line, 
and become a complicated path. A toughness value is 
increased by the strength of the fiber chips 4 of certain 
degree. It is not ideal if the fiber chips 4 are mixed and 
the longitudinal direction of the fiber chips 4 is 
perpendicular to the reinforcing fiber 3. However, it is 
difficult to arrange the chiprs in this manner in terms of a 
producing method. However, even if the fiber chips 4 are 
randomly oriented, this is sufficient to enhance the 
strength of interface. 



A specific method for mixing the fiber chips 4 will be 

shown in Figs . 5 and 6 . 

In the filament winding method shown in Fig. 5, a 
roving 5 is cut using a cutter 6 at a winding step to form 
5 the fiber chips 4, the fiber chips 4 are put into the 

reinforcing fiber 3, and the reinforcing fiber 3 is wound 

at the same time. 

In the laminating and pressurizing method shown in Fig. 
6, a blower 7 blows the fiber chips 4 between the 
10 reinforcing fibers 3 which are laminated and in a semi- 
hardened state and then, this step is repeated to 
pressurize and harden the reinforcing fiber 3. According 
to this method, as compared with when the fiber chips 4 are 
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not mixed, since a space formed between the layers slightly 
15 widen, the volume content of the reinforcing fiber 3 is 

slightly reduced, and the strength in the fiber direction 
is slightly deteriorated. However, there is no current 
composite material whose high strength in the fiber 
direction is sufficiently utilized. In this respect, there 
20 is a merit that the interlayer strength is enhanced. 

As a method for enhancing the interlayer strength, 
three-dimensional fibers have been developed in recent 
years, but this is expensive and the strength in the fiber 
direction is reduced by half by stress concentration caused 



by bending of fiber. Therefore, the method of the present 
invention is perceived excellent . 

•. As explained above, according to the present invention, 
when the composite, material is applied to the reinforcing 
5 member, the ihterlayer strength which has beer? the 

bottleneck can significantly be enhanced as compared with 
the conventional member. By the enhancement, the use 
thereof is increased, the producing cost is the same as 
that of the conventional technique, other features are 
10 maintained as they are and thus , the invention has a 
practical effect . 

* 

4. Brief Description of the Drawings 

Fig. 1 depicts tensile stress-strain of a conventional 
15 unidirectional reinforcing FRP ; Fig. 2 depicts a growing 
state of crystal of a crystalline fiber according to a 
method of the invention; Figs. 3 and 4 depict an 

> 

. interposing state of fiber chips mixed according to the 
method of the invention; and Figs. 5 and 6 are concrete 
20 examples of the method of the Invention. 

1, 3 ••• Reinforcing fiber, 4 ••- Fiber chip, 5 ••• Roving, 
6 ••• Cutter, 7 ••• Blower. 

25 Fig. 1 
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